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多级结构 ZnO 微球/再生纤维素复合膜的制备与性能研究 
将再生纤维素水凝胶浸泡在锌原液中，通过直接加热的方式使多级结构 ZnO
微球在高分子凝胶内部生长，干燥后即制备出多孔的 ZnO/纤维素复合膜。通过






356 nm 激发时，可产生紫光峰(带隙能为 3.24 eV)、蓝光峰(带隙能为 2.75 eV)和
绿光峰(带隙能为 2.14 eV)。 
多孔纤维素/海藻酸钠离子印迹膜的制备 
这部分工作成功地制备了一种离子印迹膜(IIP)。首先，将纤维素与海藻酸钠



























Fe3O4 纳米粒子。通过透射电子显微镜(TEM)和 XRD 研究了纳米粒子的形态及微
观结构，结果显示所得 Fe3O4 呈单分散性，粒径为 1.5~6.5 nm。纳米粒子的磁滞
回线表明其具有超顺磁性，且饱和磁化强度为 17.8 emu/g。纳米粒子水溶液经过
荧光光度计检测后，首次发现其具有荧光性。其最大激发波长为 320 nm 左右，
最大发射波长为 410 nm 左右。还进一步研究了其量子产率和荧光寿命，但是对
于 Fe3O4 纳米粒子的荧光性形成机理还有待于进一步研究。 
外磁场诱导制备纺锤形多级结构 Fe3O4 颗粒及其自组装行为 
在外磁场的诱导下，成功地制备了针状的多级结构 Fe3O4。这种针状多级结
构 Fe3O4 长度在 10~100 µm 之间、直径为 1~3 µm，由长度为 0.5~1.5 µm、直径
为 0.1~0.5 µm 的纺锤状 Fe3O4 颗粒顺序排列堆积而成。TEM 结果显示纺锤状
Fe3O4 颗粒是由平行排列的 Fe3O4 纳米棒组成，纳米棒的长度为 100~500 nm，直






于：(1) 制备了多孔的多级结构 ZnO 微球/纤维素复合膜，其热稳定性、荧光性
都得到增强；(2) 采用简便方法来制备了 Ca2+离子印迹膜，该膜表现出对 Ca2+
















具有荧光性；(4) 在外磁场下制备了纺锤状多级结构 Fe3O4 颗粒并研究了其自组
装行为，为磁性材料直接增强高分子提供了支持。 
 
















As the comsumption of fossil oil and its price rise worldwide，the development of 
traditional synthetic polymer industry is confronting more and more challenges. 
Environmental pollution is becoming more and more serious because most of the 
synthetic polymer materials are hard to biodegrade. Natural polymers are abundant in 
resources and biodegradable, which have a variety of functional groups. In addition, 
the natural polymers could be turned into novel functional materials or new raw 
materials of industry through chemical and physical methods of modified. In this 
work, cellulose, chitosan, sodium alginate and casein were used as raw materials of 
natural polymer to prepare some polymer/polymer composite materials and 
inorganic/polymer composite materials by employing some novel methods. These 
materials possess both natural polymer itself inherent characteristics and ion 
recognition, light response, magnetic response features of nano materials. And these 
are thought to have multitudinous potential application prospects. The detail contents 
of this work are as follows: 
Preparation and characteration of hierarchical ZnO microspheres/regenerated 
cellulose composite membrane  
After immersing regenerated cellulose hydrogel into zinc/casein mixed solution, the 
system was directly heated to prepare porous ZnO/cellulose composite membrane 
with ZnO microspheres in the matrix. X-ray diffraction (XRD) patterns proved that 
the ZnO in cellulose matrix is zincite structure. Scanning electron microscope (SEM) 
images showed ZnO microspheres are hierarchical structure, although growing under 
restricted environment. In addition, certain interaction and compatibility between ZnO 
microspheres and cellulose matrix were indicated by Fourier transforms infrared 
spectra (FTIR). Thermogravinetry (TG) and Differential Thermal Analysis (DTA) 
















adding the content of ZnO, and could be regulated and controlled by the concentration 
of zinc solution. Finally, the optical properties of the composite membranes were 
studied by using UV-Vis and fluorescence spectra. Fluorescence spectra showed that 
the composite membranes exhibit purple peak (band gap of 3.24 eV), blue peak (band 
gap of 2.75 eV) and green peak (band gap of 2.14 eV) with maximum excitation 
wavelength of 356 nm. 
Preparation of an ion imprinted porous cellulose/alginate membrane  
An ion-imprinted (IIP) membrane has been successfully prepared in this work. 
Firstly, mixture solution of cellulose and alginate was obtained by dissolving those 
polymers in a NaOH/urea aqueous solution. Then the mixture solution was cast onto 
glass plate and coagulated in CaCl2 aqueous solution bath to prepare a blend 
membrane. The matrix of the membrane was further fixed by cross-linking. Finally, 
the chelated Ca
2+
 in the matrix was removed to obtain the IIP membrane. The IIP 
membrane was characterized to show satisfactory mechanical properties, and to 
exhibit porous mesh network microstructure. The equilibrium swelling ratio of the IIP 















 solutions to check the adsorption behavior, 
respectively. The results indicate that the IIP membrane displayed highly selective 
Ca
2+
 recognition, and the presence of additional cations had little effect on the Ca
2+
 
recognition. Thus prepared Ca
2+
 imprinted membrane have potential applications in 
fields such as hard water softening, and Ca
2+
 enrichment or recognition. 
Preparation of ultrafine Fe3O4 nanoparticles and its fluorescence research 
This part of work firstly prepared magnetic chitosan composites by a simple 
procedure, ammonia fumigation. Acidic buffer solution was then used to dissolve 
chitosan for releasing Fe3O4 nanoparticles. Thus the ultrafine Fe3O4 nanoparticles 
were obtained. The morphology and microstructure were characterized though XRD 
and Transmission Electron Microscopy (TEM), which indicated that prepared Fe3O4 















hysteresis loop of nanoparticles exhibited its superparamagnetism properties, and their 
saturated magnetization is about 17.8 emu/g. Surprisingly，the nanoparticles were 
proved to have specific fluorescence at the first time after fluorescence 
spectrophotometer detection. The maximum excitation wavelength and the maximum 
emission wavelength of nanoparticles are 320 nm and 410 nm，respectively. Further 
studies on its detail fluorescent characteristics of fluorescence lifetime and quantum 
yield were determined. However, the fluorescent forming mechanism of the prepared 
ultrafine Fe3O4 nanoparticles has yet to be further verified. 
Preparation of hierarchical spindle Fe3O4 particles induced by external 
magnetic field and its self assembly behaviors 
Hierarchical needle Fe3O4 particles were successfully prepared with external 
magnetic field induction. The length and width of needle material are 10~100 µm and 
1~3 µm, respectively. In addition, the needle material assembled by spindle Fe3O4 
particles in an order accumulation arrangement way. The length of spindle Fe3O4 
particles is 0.5 ~1.5 µm, and the diameter is 0.1~0.5 µm. TEM results revealed that 
the spindle Fe3O4 particles are constituted of parallel nanorods. We also observed the 
length and diameter of the nanorods are 100~500 nm and 5~10 nm, respectively. 
What’s more, the nanorods’ surfaces are smooth, which is different from traditional 
prepared nanorods. It’s possible that the structure is closely related to the impacts of 
external magnetic field. VSM determination results indicated that the prepared Fe3O4 
display superparamagnetism properties with a saturation magnetization of 18.3 emu/g. 
In addition, the influence factors of the preparation of spindle Fe3O4 particles were 
studied though alkali solution types, external magnetic field, chitosan concentration, 
SO4
2- 
ion and temperature, which give assistances to optimized preparation 
conditions. 
In this thesis, the preparations and characterizations of natural polymer based 
composite materials are original researches.  
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